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1

LIGHT COUPLING DEVICE AND SYSTEM,
AND METHOD FOR MANUFACTURING THE

DEVICE AND SYSTEM

The present invention claims priority from U.S. provi-
sional patent application 61/075,282 filed on Jun. 24, 2008,

the application which 1s incorporated herein by reference in
its entirety.

FIELD OF THE INVENTION

The present invention generally relates to an optical device,
system and method according to the preambles of the inde-
pendent claims that are proposed.

BACKGROUND OF THE INVENTION

Using organic light emitting diodes (OLEDs) as monolithi-
cally integrated luminescent source in integrated optical
devices might be beneficial 1n many applications for the fol-
lowing reasons: first, OLEDs can be fabricated by purely
additive low-temperature processes such as ink-jet printing
and can thus be easily integrated onto almost any substrate.
Second, they are ultra-thin and thus offer the potential for
being substantially space-saving. Third, via chemical modi-
fication of the OLED’s light emitting molecule(s) the emis-
s10n spectrum can be tuned over a wide range of the optical
spectrum. Fourth, they are compatible with flexible poly-
meric substrates. Finally, due to their simple device architec-
ture and processing scheme they hold the promise for low-
cost fabrication and integration.

A major challenge pertaining to OLEDs 1s the coupling of
the light emitted there into a low-order mode (less than 20
modes) supporting waveguide. Various publications teach
how light emitted from an OLED may be coupled nto a
waveguide. However, implementations of these publications
are not suitable for the coupling of light into a waveguide 1n
low-order modes.

U.S. Pat. No. 5,907,160 discloses a thin film organic light
emitting diode with edge emitter waveguide comprising, 1n
sequence, a substrate, a waveguide, an anode, a hole transport
layer, an electroluminescent layer, and a cathode. Voltage
applied between the anode and cathode causes the electrolu-
minescent layer to emit light through the hole transport layer
and the anode 1nto the waveguide where the light 1s internally
reflected within the waveguide and propagates through the
length of the waveguide to be emitted through the edge of the
waveguide.

U.S. Pat. No. 6,472,817 discloses an organic light emitting
device having a first electrode and a transparent electrode
with an organic light emitting layer there between; character-
1zed by a waveguide provided on the opposite side of the
transparent electrode compared to the organic light emitting,
layer. In addition, U.S. Pat. No. 6,472,817 also discloses a
device incorporating at least two such organic light emitting
devices so as to provide a pulsed modulation output or a
multi-color output.

U.S. Pat. No. 6,704,335 discloses an edge-emitting type
light-emitting device that comprises an organic light-emitting
layer, a pair of electrode layers for applying an electric field to
the organic light-emitting layer, and an optical waveguide
which transmits light emitted from the organic light-emitting,
layer to the edge. The optical waveguide disclosed in U.S. Pat.
No. 6,704,335 further comprises a core layer mainly trans-
mitting light, and cladding layers having a refractive index
lower than that of the core layer. The core layer 1s a layer
different from the organic light-emitting layer or comprises
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the organic light-emitting layer. A grating 1s formed 1n the
core layer or 1n the boundary area between the core layer and

the cladding layer. A light-emitting device comprises an opti-
cal fiber section. Another embodiment comprises a defect and
a grating having a one-dimensional periodic refractive index
distribution and constituting a photonic band gap. However,
implementations of teachings disclosed in U.S. Pat. Nos.
5,907,160, 6,472,817 and 6,704,335 may induce waveguide
losses caused by the presence of the OLED itself. Accord-
ingly, implementations of the above-mentioned US patents
fail to efficiently couple light emitted from the OLEDs 1nto a
low-order mode waveguide.

Further, Y. Ohmori et al. disclose 1n the publication “Real-
ization ol Polymeric Optical Integrated Devices Utilizing
Organic Light-Emitting Diodes and Photodetectors Fabri-
cated on a Polymeric Waveguide, IEEE Journal of Selected
Topics 1n Quantum FElectromics 10, p. 70, 2004 a 45° cut
mirror at one end ol a waveguide of 70 um core size to retlect
the light from the OLED on top of the waveguide into the
core. However, since the optical power that can be coupled
scales with the core size of the waveguide, the approach
disclosed by Y. Ohmon et al. may vield insutificient power 1n
the case of low-order mode waveguides.

Y.-Y. Lin et al. disclose in their publication “100 um
waveguide. 50 um diffuser particles embedded 1n waveguide
to enhance coupling efficiency, Applied Physics Letters 89,
063501, 2006” the introduction of a diffuser layer into the
waveguide to couple light from an OLED to a coplanar
waveguide. However, diffuser particles may be difficult to
integrate mto low-order mode waveguides of thicknesses
equal to the wavelength of the light they guide. Furthermore,
multiple scattering events may constitute a major problem in
the case of low-order mode waveguides and limit the achiev-
able coupling efliciency considerably.

U.S. Pat. No. 6,160,273 A discloses an OLED-based edge
emitter that mitigates the problem of unacceptably large
losses by physically separating the OLED {from the
waveguide using an optical cladding layer. In their pretferred
embodiment the thickness of the cladding layer between the
fluorescent medium/waveguide and the OLED 1s comparable
to the wavelength of the photons generated 1n the fluorescent
medium/waveguide. In their preferred embodiment the fluo-
rescent medium also acts as a waveguide. In case the fluores-
cent medium cannot provide the required optical confine-
ment, separate sub-structures of fluorescing material and
light guiding material are proposed.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention will become
more clearly understood 1n light of the ensuing description of
embodiments herein, given by way of example and for pur-
poses of 1llustrative discussion of the present invention only,
with reference to the accompanying Figures, wherein:

FIG. 1A 1s a schematic block diagram 1llustration of a side
view of an optical device adapted to pump a photo-lumines-
cent layer with a luminescent light source from the opposite
side of the substrate and couple light emitted from the photo-
luminescent layer into a low-order mode waveguide, accord-
ing to an embodiment of the invention;

FIG. 1B 1s a schematic block diagram illustration of a side
view ol an optical device adapted to couple light emaitted from
a luminescent source mnto a low-order mode waveguide,
according to an alternative embodiment of the invention;

FIG. 2A 1s a schematic block diagram illustration of a side
view of an optical device adapted to couple light emaitted from
a luminescent source 1nto a low-order mode waveguide with
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high coupling efficiency based on a far mirror approach,
according to a yet alternative embodiment of the invention;

FIG. 2B 1s a schematic block diagram 1llustration of a side
view ol an optical device adapted to couple light emitted from
a luminescent source 1nto a low-order mode waveguide with
high coupling efficiency based on a close mirror approach,
according to another embodiment of the invention;

FIG. 3A 1s a detailed schematic block diagram 1llustration
of a side view of an embodiment of the pump light source,
according to an embodiment of the invention;

FIG. 3B 1s a detailed schematic block diagram 1llustration
of a side view of a photoluminescent layer and the individual
light sources thereof and an external light source operatively
associated with another embodiment of the luminescent
SOurce;

FIG. 4A shows a graph that schematically depicts an
embodiment of a photo-luminescent material where the
absorption peak and the photo-luminescent emission peak are
well separated from each other by a large wavelength shift;

FIG. 4B shows a graph that schematically depicts absorp-
tion and emission spectra of photo-luminescent layer MEH-
PPV;

FIG. 5A shows a graph that schematically depicts normal-
1zed photo-luminescent emission power of MEH-PPV 1n dit-
ferent environmental atmospheres;

FIG. 5B shows a graph that schematically depicts the
dependence of the power coupled into the waveguide as a
tfunction of the pumped length of the photoluminescent layer;

FIG. 6A 1s a schematic block diagram illustration of a side
view ol an optical device adapted to couple light emitted from
the luminescent source 1nto a low-order mode waveguide and
couple 1t out to the air at the output grating, according to a
further alternative embodiment of the invention;

FIG. 6B 1s a schematic block diagram illustration of a side
view ol an optical device adapted to couple light emitted from
the luminescent source 1nto a low-order mode waveguide and
couple 1t out to the substrate at the output grating, according
to a yet further alternative embodiment of the invention;

FIG. 7A 1s a schematic block diagram 1llustration of a side
view of an optical device adapted to work as an optical sensor
with the detector array placed or provided above the
waveguide, according to an embodiment of the invention;

FIG. 7B 1s a schematic block diagram 1llustration of a side
view of an optical device adapted to work as an optical sensor
with the detector array placed below the substrate, according,
to an embodiment of the invention;

FIG. 8 A shows a graph depicting the response of a P3HT:
PCBM-based polymer photodiode detector (PPD) which can
be used 1n the detector array DA in embodiments of the
invention;

FIG. 8B shows a graph depicting the spectra of the guided
light measured by the organic spectrometer or detector array
DA of FIG. 8A (trniangles) and by an 1norganic spectrometer
(squares ) set up 1n similar measuring condition—intluence of
the grating out-coupling angle condition are similar for both
measurements; and

FIG. 9 1s a schematic block diagram illustration of a top
view of an integrated optical system, according to an embodi-
ment of the mvention.

DESCRIPTION OF THE EMBODIMENTS OF
THE INVENTION

Summary of the Embodiments of the Disclosed
Technique

Embodiments of the disclosed invention provide an optical
device generating light by luminescence comprising a sub-
strate, a waveguide, a pump light source and a light source.
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In embodiments, the waveguide 1s mechanically evanes-
cently coupled with a photoluminescent layer of the light

source.

In embodiments, the pump light source 1s provided oppo-
site to the photoluminescent layer at the backside of the
substrate.

In embodiments, the pump light source 1s adapted to pump
theotoluminescent layer to emit light; and at least some of
said emitted light 1s evanescently coupled into the waveguide.

In embodiments, the waveguide 1s positioned between the
substrate and the photoluminescent layer.

In embodiments, the photoluminescent layer 1s positioned
between the substrate and the waveguide.

In embodiments, the waveguide 1s a low-order waveguide
with a thickness 1n the range of 10 nm to 10 um.

In embodiments, the absorption and emission peak of light
emitted by the photoluminescent layer are spectrally sepa-
rated by at least 50 nm.

In embodiments, the optical device by comprises an encap-
sulation layer sealing at least the photoluminescent layer of
the light source.

In embodiments, the light source comprises a spacer layer
and a mirror, wherein the spacer layer has a separation dis-
tance t., and 1s disposed between the photoluminescent layer
and the mirror, the mirror reflecting and re-injecting at least
some of the light pumped by the pump light source back into
the photoluminescent layer.

In embodiments, the separation distance t., may be at least
twice as large as the penetration depth L, of a wavetront field
into the photoluminescent layer and preferably has a thick-
ness of at least 1 um.

In embodiments, the optical device comprises an optical
filter structure adapted to modily at least some of the light
being coupled 1nto the waveguide.

In embodiments the optical filter structured 1s positioned
between the waveguide and the photoluminescent layer.

In embodiments, the optical filter structure 1s positioned
between the substrate and the waveguide.

The present invention further discloses an optical system
comprising at least one substrate, at least one waveguide, at
least one pump light source, at least one light source, and at
least one waveguide.

In embodiments, the at least one waveguide 1s evanescently
coupled with a photoluminescent layer of the at least one light
source.

In embodiments, the at least one pump light source 1s
provided on the backside of the substrate opposite to the at
least one light source, respectively.

In embodiments, the at least one pump light source 1s
adapted to pump the photoluminescent layer to emait light, and
at least some of the emitted light 1s optically coupled into the
at least one waveguide, respectively.

Detailed Description of the Embodiments of
Disclosed Invention

The present mvention discloses an optical device config-
ured 1n a manner that enables to couple light emitted from a
luminescent source such as, for example but not limited to an
organic light emitting diode (OLED), into a low-order mode
waveguide. Correspondingly, the present invention enables
the usage of luminescent sources in association with
waveguides that support only low-order modes. The term
“low-order mode” as used herein may refer, in some embodi-
ments of the invention, to less than 20 modes. In some
embodiments of the invention, the term “low-order mode”
may refer to less than 5 modes. Correspondingly, a low-order
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waveguide may refer to a waveguide that supports the propa-
gation of light therein at less than 20 modes, and in some
embodiments of the invention, at less than 5 modes.

The terms “nght”, “left”, “bottom”, “underneath”,
“below”, “lowered”, “low”, “top™, “above™, “elevated” and
“ligh” as well as grammatical variations thereof as optionally
used herein do not necessarily indicate that, for example, a
“bottom™ component 1s below a “top” component, or that a
component that 1s “below” 1s indeed “below” another com-
ponent or that a component that 1s “above” 1s indeed “above”
another component as such directions, components or both
may be thipped, rotated, moved 1n space, placed or provided in
a diagonal orientation or position, placed or provided hori-
zontally or vertically, or be stmilarly modified. Accordingly,
it will be appreciated that terms such as “bottom”, “below”,
“underneath™ “top” and “‘above” may be used herein for
exemplary purposes only, to illustrate the relative positioning
or placement of certain components, to indicate a first and a
second component or to do both.

Reference 1s now made to FIG. 1A. The present invention
discloses an optical device generating light by luminescence.
In embodiments of the disclosed invention, an optical device
100A 1ncludes, inter alia, a low-order mode waveguide (WG)
130 that 1s mechanically and evanescently coupled with a
photoluminescent layer (PL) 120, as well as a luminescent
pump light source (PLS) 150 provided at least approximately
in alignment with or opposite to PL 120 on the backside of SU
140. Accordingly, SU 140 may be provided between WG 130
and PLS 150. PLS 150 1s adapted to optically pump PL 120,
¢.g., indirectly. In some embodiments, WG 130 1s provided on
and positioned between a substrate (SU) 140 and a photolu-
minescent layer (PL) 120. In another embodiment (not
shown), the low-order mode waveguide (WG) 130 15 pro-
vided on one side of the substrate (SU) 140 and the lumines-
cent pump light source (PLS) 150 1s still provided on the
backside of SU 140 but the photoluminescent layer (PL) 120
1s placed or provided between the waveguide 130 and the
substrate SU 140.

In some embodiments, PL. 120 1s mechanically coupled
with WG 130 1n a manner such that at least some of the light
re-emitted by PL 120 1s coupled, e.g., as known 1n the art,
evanescently to the low-order modes of into WG 130.

It should be noted that the term “evanescently coupling” as

well as grammatical vanations thereol may refer to the case
wherein the vertical distance along Y between any two points
of PL 120 and WG 130 may be less than one wavelength of the
emitted light.

PL. 120 1s configured such that its absorption and emission
bands are well separated, thus minimizing or at least reducing,
the re-absorption of light coupled into WG 130. As amatter of
fact the power coupled mnto WG 130 scales at least approxi-
mately linearly with the area of PL 120 pumped by PLS 150.
It should be noted that 1n some embodiments (not shown), PL
120 may be located between WG 130 and SU 140.

PLS 150 may be embodied, for example, by a photolumi-
nescent, an electroluminescent, a chemiluminescence or any
other suitable additional or alternative material; by inorganic
light-emitting diodes (LEDs), laser diodes, an OLED, or any
other light emitting material, e.g., as known in the art.

PL 120 may have a thickness ranging from 1 um to 10 um.
In some preferred embodiment of the invention, thickness of
PL 120 may range, for example, from 100 nm to 1 um.

WG 130 may have a thickness t - supporting propagation
of light 1n low-order modes only. For example, WG 130 may
have a thickness t;;,; ranging from 10 nm to 10 um; from 50
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nm to 1 um, or for example, from 100 nm to 500 nm. In
preferred embodiments, the thickness of WG 130 1s 1n the
range of 100 nm to 300 nm.

Overall thickness t; . of PLS 150 may be at least approxi-
mately equal or be smaller than, e.g., 100 um. In some
embodiments of the mvention, the thickness t, . of PLS may
be at least approximately equal or be smaller than 10 um, or at
least approximately equal or smaller than, for example, 1 um.

In some embodiments of the invention, optical device
100 A may include an encapsulation layer 110 sealing at least
PL 120 of light source 105 to protect the latter against poten-
tially damaging environmental influences such as the penetra-
tion of oxygen and/or moisture. It should be noted that the
term “sealing” as well as grammatical variations thereot also
encompass the meaming of the term “substantially sealing”
with the respective grammatical variations. By providing
encapsulation layer 110, PL. 120 1s less susceptible to, e.g.,
photooxidation, and other processes that may modily the
optical properties PL. 120 and have the potential to degrade
the operability of optical device 100A. Moreover, the overall
lifetime of the photoluminescent material of PL 120 1s
increased compared to the lifetime 11 no encapsulation layer
110 would have been employed.

Additional reference 1s now made specifically to FIG. 1B.
According to some embodiments of the invention, WG 130 of
an optical device 100B may include an optical filter structure
(OF) 125, which may be positioned between WG 130 and PL
120 and/or between SU 140 and WG 130. OF 125 and PL 120
may constitute light source 105. OF 125 1s adapted to modily
at least some of the light prior and/or while being coupled into
WG 130. Such modification of light, which may occur at an
interface 160 between WG 130 and OF 125 may comprise, for
example, narrowing the spectra and/or modifying the polar-
ization of light. Such modifications may, for example, cause
an 1crease of the coupling efficiency between PL 120 and
WG 130. OF 125 may be embodied, for example, by diflrac-
tive gratings, dielectric color filters, polarizers, dichroic fil-
ters, liquid crystal devices, or by any combination of the
above.

In embodiments of the disclosed technique, PL. 120 and
WG 130 may be monolithically integrated, 1.e., integrally
formed with each other. For example, WG 130 may be
embodied by a polymer matrix, a photoresist layer or a spin-
on-glass doped with a photoluminescent material embodying
PL. 120. Fabrication processes may include but are not limited
to at least one of the following: spin-coating, dip-coating and
solgel.

In some embodiments, WG 130 may embody SU 140. The
coupling of light with SU 140 may be accomplished, e.g., as
known 1n the art.

PLS 150 may include optically dissipative and/or metallic
layers and may thus cause modal loss 1n WG 130. A metallic
layer may, for example, give rise to modal loss of light propa-
gating in WG 130 due to a) surface plasmons and/or b)
absorption losses and/or ¢) quenching, which 1s hereinafter
referred to as non-radiative damping. To at least reduce the
modal loss mnside WG 130, the latter may be separated from
PLS 150 by a given distance corresponding, e.g., to the thick-
ness ol SU 140, as 1s for example schematically 1llustrated in
FIG. 1A. An optical device according to embodiments of the
invention may be configured such that modal loss of light
propagating in WG 130 is lower than, e.g., 100 cm™". In some
preferred embodiments of the mvention, modal loss 1s less
than, e.g., 10 cm™". In embodiments, encapsulation layer 110
may seal PLL 120 and OF 125.

Reference 1s now made to FIG. 2A. In order to increase the

light-coupling from PL 120 into WG 130, light source 105 of
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an optical device 200A may 1nclude a reflective mirror 116
that 1s placed or provided at some separation distance t, from
PL 120, wherein the separation distance corresponds to the
thickness t.; of a spacer layer (SL) 115 that may be disposed
between PL 120 and mirror 116 of light source 10S5. Mirror
116 retflects at least some of the light pumped from PLS 150
that has not been absorbed by PL 120 and re-1injects it into PL
120. Ideally, employing mirror 116 increases the amount of
light coupled into WG 130 by a factor of 2. The separation
distance t.; may be at least twice as large as the penetration
depth L, of a wavefront field into PLL 120. In a preferred
embodimentt.; 1s, for example, atleast 1 um. Mirror 116 may
be embodied, for example, by a metallic mirror, a dielectric
multi-layer stack, or by any other suitable material. 1n some
embodiments, optical device 200A 1includes encapsulation
layer 110 sealing light source 105 of optical device 200A to
seal mirror 116, SL. 115 and PL 120 against oxygen and/or
moisture.

Reference 1s now made to FIG. 2B. To increase the light-
coupling efficiency between PL 120 and WG 130, lLight
source 105 of an optical device 200B includes mirror 116 that
1s placed or provided at a specific distance t., 1n close prox-
imity to PL 120. Mirror 116 1n conjunction with WG 130
builds an effective optical cavity of a length t.; +t,, such to
potentially increase the pump-light intensity up to a factor 4.
Mirror 116 1s separated from PL 120 by SL 115 having
thickness t,. In a preferred embodiment t, 1s less than 1000
nm, particularly preferred below 300 nm, especially pretferred
less than 100 nm. In optical device 200B, t., 1s chosen 1n such
a way that the effective cavity length, the sum of t.; and t; 1s
half the peak wavelength of PLS 150 or a multiple thereof.
Again, 1n some embodiments light source 105 of optical
device 2008 1s encapsulated by encapsulation layer 110 seal-
ing PL. 120, and optionally mirror 116 and/or SL 115 against
oxygen and/or moisture. It should be noted that in this
approach mirror 116 can be designed 1n such a way that either
TE or TM polarization 1s absorbed, thus enabling the selective
coupling of one polarization mnto WG 130. Selective coupling
increases the signal-to-noise-ratio of the coupled light, com-
pared to signal-to-noise ratio that would otherwise be
obtained without selective coupling.

Further reference 1s now made to FIG. 3A. It should be
noted that PLS 150 as schematically illustrated in FIG. 3A
may not realizable, since 1n a real-world PLS the electrolu-
minescent layer must cover the edges of the electrodes in
order to avoid electrical short circuits between them. How-
ever, to simplily the discussion that follows, schematic 1llus-
tration of PLS 150 1s used for outlining 1ts functional features.

As already indicated herein, PLS 150 may be implemented
by means of electroluminescence (light emitting capacitor).
The embodiment thereot 1s schematically indicated and com-
prises at least a first electrode layer 151, a second electrode
layer 152 and at least one electroluminescent layer 153 sand-
wiched between electrode layer 151 and 152. In addition,
PLS 150 may also include at least one dielectric layer (not
shown), situated and covering at least some of the interface
between electrode layer 151 and electroluminescent layer
153, or the interface between electrode layer 152 and elec-
troluminescent layer 153. For exemplary purposes only, elec-
trode layer 151 1s hereinafter referred as to the electrode that
1s positioned closer to a substrate (e.g., SU) than electrode
layer 152. In the said embodiment, the electrode that 1s closer
to e.g., SU must be at least partially transparent for the light
produced by electroluminescent layer 153. This may be
achieved by using a suitable material that 1s substantially
transparent or semitransparent for the said light. Such mate-
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rials may be, for example, conducting oxides, semi-transpar-
ent thin metal films, conducting polymer layers as electrodes

and the like.

The following 1s an example of how electroluminescence
may be generated. For example, by applying an alternating
voltage to electrode layer 151 and 152, electroluminescent
layer 153 1s subjected to high alternating electrical fields (e.g.,
10°V/cm), which in turn causes the excitation of, e.g., phos-
phors 1n electroluminescent layer 153. The dielectric layer

(not shown) should minimize or at least reduce the electrical
current through PLS 150.

PLS 150 may be implemented by an OLED. Again, the
upper electrode layer 151, 1.e. the one in contact with sub-
strate 140, must be at least partially transparent for the light

produced by the OLED. This may be achieved by using

transparent conducting oxides, semi-transparent thin metal
films, or conducting polymer layers as electrodes. Additional
charge transport layers can be inserted between the electrolu-
minescent layer(s) and the cathode and between the electrolu-
minescent layer(s) and the anode. Suitable thicknesses for all

these layers are 1n the range of, for example, 1 nm to 1 um.
Preferred are thicknesses 1n the range of, for example, 5 nm to

200 nm.

In the event that PLS 150 1s embodied by an OLED, suit-
able materials for electrode layer 151 of the OLED may
include, for example, substantially transparent conducting
oxides, semi-transparent thin metal films, or conducting poly-
mer layers as electrodes.

It should be noted that in the embodiments in which PLS
150 1s implemented by an OLED, charge transport layers (not
shown) may be sandwiched or 1inserted between electrolumi-
nescent layer 153 and electrode layer 151, as well as between
clectroluminescent layer 153 and electrode layer 152. In
embodiments of the invention, the thickness for the charge
transport layers may range, for example, from 1 nm to 1 um.
In preferred embodiments of the invention, the thickness of
the charge transport layers may range, for example, from 5
nm to 200 nm.

Additional reference 1s now made to FIG. 3B. It shows a
detailed view of a light source 105, according to an embodi-
ment of the ivention, wherein light source 105 includes at
least one PL 120 that emats light when being irradiated with
photons. Correspondingly, 11 PL 120 1s suitably subjected to
light L, emitted from an external light source (ELS) 106, PL
120 may absorb some of the light L, and emit as a result
thereof light PL._ ..

In embodiments, ELS 106 may be a monolithically inte-
grated light source according to and embodied by PLS 150, or
be any suitable external light source such as, for example, an
ultraviolet lamp, an inorganic LED, a laser diode, alaser or an
OLED on a separate substrate. At least some of the wave-
length(s) of light L,  differ from PL__ .. In some embodiments
ol the invention, some of the photoluminescent material(s) of
PL 120 schematically 1llustrated 1n FIG. 3B may be identical
(and thus also substantially 1dentical) to the electrolumines-
cent material(s) of electroluminescent layer 153.

The thickness of PLL 120 may be about equal or be smaller
than, e.g., 100 um. In some preferred embodiments of the
invention, the thickness of PL 120 may be about equal or be
smaller than, e.g., 10 um. In some more preferred embodi-
ments of the invention, the thickness of PLL 120 may be about
equal or be smaller than, for example, 1 um.

The distance D between the light emitting zone(s) of PL
120 from WG 130 1s an additional parameter that may have an
influence on the coupling etficiency of light from PL 120 into

WG 130.
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For exemplary purposes only, the light emitting zones are
herein schematically indicated as an assembly of point
sources, which may be embodied, for example, by dipoles
and/or quadrupoles and/or by any other electrical pole
arrangement. In any event, sources may be arranged substan-
tially 1n one plane, as 1s schematically indicated 1n FIG. 3B.
Alternatively, sources may be arranged 1n various planes and/
or may be positioned 1n light source 1035 1n a substantially
random manner (not shown).

It should be noted that the rate at which sources can emit
light into a given mode of WG 130 1s proportional to the
square of the electric field distribution E* of that given mode
at the location of source. The square of the electric field
distribution for the mode of order zero 1s schematically 1llus-
trated for example, 1n FIG. 1A and FIG. 1B by means of curve
E*. Outside WG 130 itself the electric field distribution E
decays exponentially with an increase of the distance from
WG 130. It may therefore be advantageous that the distance D
between sources and WG 130 15 about equal or smaller than
the decay length of the exponential tails of the modes sup-
ported by WG 130 to ensure that light emitted from PL 120 1s
coupled 1nto low-order mode WG 130. Suitable distances D
between WG 130 and sources of light source 105 may be
about equal to or be smaller than, for example, 5 um. In some
preferred embodiments of the invention, distance D may be
about equal or be smaller than, for example, 500 nm. In some
more preferred embodiments of the invention, D may be
about equal or be smaller than, for example, 150 nm.

In general, the efficiency of transfer of optical power from
PL 120 into a waveguide such as, for example, WG 130, may
be referred to, for example, 1n accordance to the term “cou-
pling efficiency” and may be expressed as the ratio between
the optical power 1n all the modes of WG 130 and the total
optical power emitted by the light source(s).

The above-mentioned requirements of efficient transier of
optical power from PL 120 into WG 130 imply, inter alia, that
PL 120 ought to be as close as possible to a waveguide (e.g.,
WG 130) and/or that a waveguide (e.g., WG 130) should be
near cutoil wavelength. Near cutoit, the waveguide modes are
largely outside WG 130 and will overlap with PL 120 even
when the waveguide 1s relatively distant from PL 120.

Light propagating in PL. 120 may be subjected to other
and/or additional obstacles that may cause modal loss during
the propagation of light.

Reference 1s now made to FIG. 4A. In the proposed eva-
nescent coupling scheme photons emitted from PL 120 in
FIG. 1A couple mto the waveguide mode depicted by the

mode profile. By the inverse mechanism, light propagating,
inside WG 130 could couple mto PLL 120 and being reab-

sorbed. In order to avoid or reduce re-absorption 1t 1s of high
importance that the absorption band and the photolumines-
cence emission band are spectrally well separated from each
other by a wavelength shift dW. This shift AW 1s defined as the
distance of the absorption and emission peak maxima of PL
120. Preferred dW 1s larger than, e.g., 50 nm, especially
preferred larger than, e.g., 80 nm and particularly preferred
larger than, e.g., 100 nm. In other word, the overlap between
the absorption curve and the emission curve should prefer-
ably be as small as possible. In practice good candidates for
PL. 120 are materials with narrow absorption and emission
peaks and large Stokes shifts.

Reference 1s now made to FIG. 4B wherein the re-emission
spectrum of F8BT i1s schematically depicted, the re-emission
spectrum being well separated from 1ts absorption spectrum
by a large Stokes shuft.

Reference 1s now made to FIG. SA. It shows the importance
of encapsulation of PL. 120 in order to increase the lifetime. A
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200 nm thick PL 120 of MEH-PPV was encapsulated by a
glass slide maintained with epoxy glue. The material of
encapsulated PL 120 showed stable lifetime 1n ambient atmo-
sphere with variation of 10% during 1 hour.

FIG. SA shows a graph that schematically depicts normal-
1zed photo-luminescent emission power of MEH-PPV 1n dif-
ferent environmental atmospheres. Further reference 1s made
to FIG. 5B schematically depicting the power at the output
grating which 1s roughly proportional to the power coupled

mnto WG 130, while 1t 1s assumed that the area of PLLS 150 1s
much larger than the area of PL 120 and as such PL 120 1s

illuminated homogeneously while border effects can be

neglected. In such configuration the power coupled into WG
130 scales linearly with the length of PL 120.

For the measurement depicted in FIG. SB, the optical
device had at least approximately the following parameters:
Su—maternial: Glass, n=1.45
WG—matenal: Ta,O., n=2.2, thickness t;;,-=200 nm
PL—material: American Dye Source ADS133YE, thickness

t =100 nm
PL 120 was excited with a large area emitter consisting of a
blue inorganic LED emitting at 465 nm providing a pump
intensity of 4.75 mW/cm” and a diffuser plate (not shown).

Additional reference 1s now made to FIG. 6 A and FIG. 6 A.
Optical devices 400 A and 400B according to embodiments of
the disclosed invention, may each comprise an out-coupling
grating structure (GS) 132 manufactured in WG 130 adapted
to couple light out of WG 130. The first grate of GS 132
(viewed from the direction of the propagation of light in WG
130) may be located at a distance D from the outermost
edge of the PL 120.

Angle “a” schematically 1llustrates an out-coupling angle
of the light (L. _ ) emitting from WG 130, whereby angle “o”
1s measured with respect to a normal “N ”of WG 130.

rormal
The said angle “a” may be given by the following equation:

n.sine =N — —,

wherein “n . represents the refractive index of the layer clad-
ding of WG 130 at its output. Correspondingly, “n_~ may
represent the refractive index of air or of SU 140, depending
whether GS 132 1s situated on the upper or lower side of WG
130. “N” represents the effective refractive index of the
waveguide mode 1n WG 130, “A” the wavelength(s) of the
light propagating in WG 130, and “A” the grating period of
GS 132.

Optical devices 400A and 400B may also feature in-cou-
pling GS 131 adapted to increase the optical coupling effi-
ciency of light into WG 130.

In-coupling GS 131 and out-coupling GS 132 may be
fabricated, e.g., as known 1n the art. For example, GS 131 and
132 may be fabricated by dry or wet etching techniques.
Further in-coupling GS 131 and out-coupling GS 132 may be
tabricated by replication from molds or Ni1-maters in case that
WG 130 1s made of polymeric substrates or UV cast materi-
als.

Either one or both in-coupling and out-coupling GS 131
and GS 132 may be graited—before the deposition of WG
130 1nto SU 140. Alternatively, either one or both in-coupling
GS 131 or out-coupling GS 132 may be graited into WG 130
alter their deposition onto SU 140.

According to some embodiments of the invention, a grating
period A of mn-coupling GS 131 and/or out-coupling GS 132
may range, for example, from 100 nm to 1 um. In some
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preferred embodiments of the invention, a grating period A of
in-coupling and out-coupling GS 131 and/or GS 132 may
range, for example, from 200 nm to 500 nm. According to
some embodiments of the invention, the depth of in-coupling
and out-coupling GS 131 and/or GS 132, respectively may
range, for example, from 1 nm to 500 nm. In some preferred
embodiments of the mvention, the depth of m-coupling GS
131 and/or out-coupling GS 132 and may range, for example,
from 5 nm to 50 nm.

The spectrally resolved output at out-coupling GS 132 can
be either detected on the waveguide side (FIG. 6A) or on the
substrate side (FIG. 6B). The out-coupling GS 132 could be a
blazed grating, which may be most effective either towards
top or bottom emission.

In embodiments of the invention, optical devices 600A and
600B include an absorbing layer (AL) 160 situated on the
backside of substrate 140, like PLS 150. AL 160 1s adapted to
suppress substrate modes that might be excited by PLS 150.
Substrate modes are undesirable since they might get coupled
into a detection system (not shown), add optical noise and
therefore lower the signal-to-noise ratio of optical device
600A and/or 600B.

Optical device 600A and/or 6008 may be implemented as
outlined herematter. SU 140 may be, for example, a 14
mmxS7 mm glass substrate onto which a substantially planar
single mode WG 130, being 150 nm thick and comprising
Ta,O., was sputter-deposited. At least approximately, paral-
lel to the long sides of SU 140, at 2.25 mm from the substrates
SU 140 edge, a substantially uniform rectangular out-cou-
pling GS 132 of, e.g., 312 nm period and 12 nm depth may be
grafted into SU 140 by employing a photolithographic pro-
cess and dry etching prior the deposition of Ta,O.. In a next
step PL 120 may be deposited on top of WG 130 by means of
spin-coating or drop-casting. PLS 1350 1s mechanically
coupled with SU 140 either by lamination or by being mono-
lithically integrated with SU 140. In some embodiments, PLS
150 1s embodied by an OLED. First electrode layer 151 may
for example comprise of an Indium Tin Oxides (ITO) layer
that was sputtered onto one side of SU 140 and subsequently
patterned by chemical- or plasma etching or laser ablation or
by any other method, e.g., known in the art. The subsequent
charge injection layers and electroluminescent layers as well
as second electrode layer 152 may be depositable by employ-
ing a procedure selected of the following group: liquid pro-
cessing, vacuum deposition and lamination. In a different
embodiment the OLED 1s processed on a separate substrate
which 1s then laminated to the chip.

AL 160 may be embodied, for example, by a black light-
absorbing film that 1s laminated onto the lower side of SU 140
or by a substantially black ink layer that 1s deposited on the
lower side of SU 140 by liquid coating techniques, e.g.,
known 1n the art.

In embodiments of the invention, either one or both optical
devices 600A or 600B may include OF 125 adapted to modity
at least some of the light prior and/or while being coupled into
WG 130 as outlined herein with reference to FIG. 1B.

Reference 1s now made to FIG. 7A. An optical device 700A
according to an embodiment of the invention may be inte-
grated with a fluid (e.g., liquid or gas) flow cell 790 including
a Tunctionalized surface 791 for sensing applications. Sens-
ing applications include but are not limited to chemical sens-
ing of gas and liquids, DNA, Gen-Antigen, protein interac-
tion, chemical interaction. Functionalized surface (FS) 791
may be located on top of WG 130 between PL 120 and
out-coupling GS 132 inside flow cell 790. The optical modes
in WG 130 are response to changes to FS 791 induced by a
respective specimen (not shown).
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In an embodiment of the invention, PL. 120 lies outside flow
cell 790 1n order to avoid cross-contamination of specimen
with the maternial of PL 120 and also to avoid light scattering
from PL 120 into the liquid specimen. In the embodiment of
optical device 700A the detection takes place on the upper
side of WG 130.

In an alternative embodiment, PL. 120 constitutes a sensing,
layer. Examples include oxygen and glucose sensors based on
phosphorescent lifetime quenching of oxygen sensitive dyes
such as PtOEP (2,3,7,8,12,13,17,18-Octaethyl-21H,23H-
porphine platinum (II)) or PAOEP (2,3,7,8,12,13,17,18-Oc-
tacthyl-21H,23H-porphine palladium).

In an embodiment of the invention, FS 791 may be pro-
vided on top of out-coupling GS 132 or be monolithically
integrated with GS 132.

In yet another embodiment an optical (not shown) micro-
structure may be deposited on top of WG 130 1n order to
increase the interaction with FS 791.

According to one embodiment of the invention, light dif-
fracted from the out-coupling GS 132 1s collected by a detec-
tor array (DA) 7935 located on the lower side of the substrate
next to AL 160.

Further, DA 795 may be adapted to measure the intensity
and the spectral distribution—and thus specimen-induced
changes thereol—of light propagating in the waveguide.
According to an embodiment of the invention DA 795
includes of a one- or two-dimensional array of photodiodes or
a charge coupled device or any other kind of light sensitive
device having an arbitrary number of pixels. A special case of
such a DA would be a single pixel detector.

Additional optical filters 796 could be integrated or placed
or provided in front of DA 795 including but not limited to
band-pass and edge filters and polarizer.

In an alternative embodiment DA 793 1s an array of organic
photodiodes that could be integrated monolithically onto SU
140 or be on a separate substrate situated below SU 140.

In yet another embodiment, DA 795 may be monolithically
integrated on top of WG 130 or be on a separate substrate
positioned above WG 130. In all embodiments of the mnven-
tion PLS 150 may also be modulated 1n order to enable phase
sensitive detection as for example lock-1n techniques.

Reference 1s now made to FIG. 7B. In contrast to FIG. 7A,
light 1n an optical device 700B 1s detected on the same side of
SU 140 as PLS 150. This configuration has the advantage that
the excitation in PLS 150 and the detection are located on one
side of SU 140 790, thus facilitating encapsulation of PLS
150, which may be monolithic with SU 140 an very sensitive
to water and humaidity.

Additional reference 1s now made to FIG. 8A. In one
embodiment, DA 795 includes an array of polymer photo-
diodes (PPDs) to detect the spectrum of the out-coupled light.
The PPD-blend includes of Poly(3-hexylthiophene):phenyl-
Co61-butyric acid methyl ester, PAHT:PCBM with weight
ratio of 1:1. The layer thickness of the PPD 1s 240 nm and has
been optimized for optimal external quantum eifficiency,
on/off ratio and lifetime. As a result, we report on organic
photodiodes with EQE of 70% at OV bias, an on/oil current
ratio of 106 at =1V and 40 mW/cm?2 illumination, dark cur-
rent densities below 10 nA/cm?2 at -1V, and a lifetime of at
least 3000 hours. More details can be found in M. Ramuz et al,
Organic Electronics 9 (2008), page 369-376. PPDs based on
a blend of Poly(3-hexylthiophene):phenyl-C61-butyric acid
methyl ester (P3HT:PCBM, 1:1 by weight) are at least sen-
sitive 1n the 400-640 nm range.

Reference 1s now made to FIG. 8B, schematically depict-
ing the spectrum measured with an integrated organic spec-
trometer based on an array of PPDs. Experimental spectral
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resolution was obtained by comparing the ¢ bandwidth (80
nm) of the gmided spectrum with the spectra obtained with the
PPDs array. By taking into account that the PPDs have a
sensitivity cut-oit at 640 nm, one can estimate the ftull width
at half maximum (FHWM) of the guided light at 60 nm. Pixel
to pixel spectral resolution of A=5 nm FWHM was achieved
with this set-up when the PL material 1s pumped by an 1nor-
ganic LED. By using an OLED, a spectral resolution of A=7
nm was achieved. Signal to noise ratio 1s about 10.

Reference1s now madeto FIG. 9. An optical device accord-
ing to each of the embodiments of the mvention may be
integrated into an optical system 900, which may may include
at least one photoluminescent layer (e.g., PL. 120), which may
be coupled to a structure comprising of at least one SU 140
and at least one low-order mode waveguide 130, which may
be a thin film of high-index layer deposited on SU 140.
Optical system 900 may further include at least one sensing
area (SA) 905 and at least one detector (DE) 910, whereby the
at least one SA 905 and DE 910 are substantially aligned with
respect to PL 120.

At SA 903, light may interact in WG 130 with a respective
specimen (not shown). Further, DE 910 may be adapted to
measure the mtensity and the spectral distribution—and thus
specimen-induced changes thereof—of light propagating 1n
the respective WG 130.

Optical system 900 comprising one or more optical devices
according to embodiments of the invention offer many advan-
tages over systems known in the art, which rely on one or
more external light sources, such as laser diodes for example.

First, the integrated solution provided by optical system
900 allows substantial savings 1n space requirements since a)
no bulky external light sources are needed and b) the proposed
luminescent PLS 150 are extremely thin and may have 1n
some embodiments of the invention a thickness of only a few
micrometers. In some embodiments of the invention, PLS
150 may for example have a thickness of less than 1 um.

Second, alignment of elements in optical system 900 can
be performed with relatively fault-prone free and time saving,
procedures.

Third, optical system 900 facilitates the integration of a
plurality of light sources by depositing PL. 120 having ditter-
ent operational specifications. For example, a first and a sec-
ond PL 120 may emit light having respectively different
wavelengths A, and A,. Therefore, a highly parallel integrated

optical system, such as optical system 900, comprising of an
array of monolithically integrated light sources can be real-
1zed.

An alternative embodiment of the invention may rely on an
external PLS 150 embodied, for example by an UV LED. A
single PLS 150 may pump different types of PLS 150 and thus
generate a wide range of different wavelength.

In some embodiments of the invention, a plurality of PLS
150 and PL 120 may be fabricated by additive print technolo-
gies such as for example, ink-jet or gravure printing, which 1s
state-of-the-art 1n the field of OLEDs (ci. B.-J. de Gans et al.,
Inkjet Printing of Polymers: State of the Art and Future
Developments, Advanced Materials 16, p. 203, 2004, herein-
alter referred to as “Gans et al.”).

The fabrication methods described, inter alia, by Gans et
al., allow the deposition of a variety of PLS 150/PL 120 pairs
on a substrate in accordance to respective predefined loca-
tions. In addition, the fabrication methods enable juxtaposing,
neighboring PL. 120 at a distance of a few um from each other.
For example, a lateral resolution of a few um of a matrix of a
plurality of 1dentical or various light sources 1s achievable.
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Fourth, each of the PLS 150/PL 120 pairs described herein
are compatible with flexible substrates, thus enabling tully
integrated optical systems on a polymer basis.

Fiith, due to a combination of the above reasons, optical
system 900 offers the potential to be fabricated in a cost-
cifective way. The reasons therefore are, for example: Poly-
meric substrates may be used instead of glass substrates,
(high-volume) print processes may be used instead of stan-
dard processes such as vacuum deposition methods and pho-
tolithographic patterning. PLS” 150 do not have to be inte-
grated 1n a cost-intensive packaging step to fabricate optical
system. In case an external PLS 150 1s used only the at least
one PL 120 needs to be aligned properly.

Due to the advantages described herein, optical system 900
may be used 1n association with a wide range of applications,
including medical diagnostics (e.g. DNA screening), automo-
tive (e.g. rain sensor), industrial (e.g. gas sensor), security and
information technologies. A prototypical application is a low-
cost, disposable, card-type, multiple-channel fully integrated
optical biosensor for point-oi-care diagnostics.

In some embodiments of the invention, WG 130 may be
made of any suitable material. For example, WG 130 may be
made of a dielectric material having a relatively high index of
refraction. Non-limiting examples of materials of which WG
130 may be made of include Ta,Os5, Ti0,, HfO,, S1O,.N,,
poly(1-naphthyl methacrylate), poly(1-naphthyl methacry-
late-co-glycidyl methacrylate)glycidyl methacrylate, poly(2,
4,6-tribromophenyl methacrylate), poly(2,4,6-tribromophe-
nyl methacrylate-co-glycidyl methacrylate)glycidyl
methacrylate, poly(2,6-dichlorostyrene), poly(2-chlorosty-
rene), poly(2-vinylthiophene), poly(bis(4-10dophenoxy)
phosphazene), poly(N-vinylphthalimide), poly(pentabro-
mobenzyl acrylate), poly(pentabromobenzyl methacrylate),
poly(pentabromobenzyl methacrylate-co-glycidyl methacry-
late)glycidyl methacrylate, poly(pentabromophenyl acry-
late), poly(pentabromophenyl acrylate-co-glycidyl meth-
acrylate)glycidyl methacrylate, poly(pentabromophenyl
methacrylate), poly(pentabromophenyl methacrylate-co-
glycidyl methacrylate)glycidyl methacrylate, poly(pen-
tachlorophenyl methacrylate), poly(vinyl phenyl sulfide),
and poly(vinyl phenyl sulfide-co-glycidyl methacrylate)gly-
cidyl methacrylate. Additionally, losses due to SU 140 should
be as low as possible.

Electrode layer 151 may be made of indium thin oxide
(ITO), zinc oxide (ZnO), especially In or Al doped ZnO, tin
oxide (SnQO,), especially Sb and F doped SnO,, gold, silver,
nickel, poly(3,4-ethylenedioxythiophene)poly(styrene-
sulfonate), polyanyline, polyacetylene and polypyrrole. Elec-
trode layer 152 may be made of calctum, barium, lithium
fluoride, aluminum and silver. ELL may be made of poly[2-
methoxy-5-(2-ethylhexyl-oxy)-1,4-phenylene-vinylene],
poly[2,5-b1s(3,7-dimethyloctyloxy)-1.,4-phenylene-vi-
nylene],  poly[2-methoxy-5-(3,7-dimethyl-octyloxy)-1.4-
phenylenevinylene], poly(9,9-dioctylfluorenyl-2,7-diyl),
poly[9,9-di-(2-ethylhexyl)-fluorenyl-2,7-diyl], poly(9.9-
di{2-[2-(2-methoxy-ethoxy)ethoxy|ethyl } fluorenyl-2,7-
diyl), poly[2-(6-cyano-6-methyl-heptyloxy)-1.,4-phenylene],
poly(2,5-dioctyl-1,4-phenylene), poly[9,9-di-(2-ethyl-
hexyl)-fluorenyl-2,7-diyl], poly[(9,9-dioctyl-2,7-d1vinylene-
fluorenylene)-alt-co-{2-methoxy-5-(2-ethyl-hexyloxy)-1,4-
phenylene}l], poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
vinylenephenylene)], poly[9,9-dioctyltluorenyl-2,7-d1yl)-
co-1,4-benzo-{2,1'-3}-thiadiazole)], poly[(9,9-
dihexylfluorenyl-2,7-diyl)-alt-co-(2-methoxy-5-1 2-
ethylhexyloxy}-1,4-phenylene)], poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(2,5-p-xylene)], poly[(9,9-di
(3,3'-N,N'-trimethyl-ammonium)propylfluorenyl-2,7-diyl)-
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alt-(9,9-dioctylfluorenyl-2,7-diyl)|diiodide salt, poly[(9,9-
dioctylfluorenyl-2,7-diyl)-co-(IN,N'-diphenyl )-N,N'di(p-
butyl-oxy-phenyl)-1,4-diaminobenzene)], poly[(9,9-
dioctylfluorenyl-2,7-diyl)-co-(1,4-benzo-{2,1',3 } -
thiadiazole)], 4.4'-b1s(9-ethyl-3-carbazo-vinylene)-1,1'-
biphenyl, 9,10-Bis[(9-ethyl-3-carbazoyl)-vinylenyl]-
anthracene, 4'4-bis(diphenylvinylenyl)-biphenyl, 1,4-bis(9-
cthyl-3-carbazo-vinylene)-2-methoxy-5-(2-thylhexyloxy)-
benzene, 4,4'bis(diphenylvinylenyl)-anthracene, 1,4-bis(9-
cthyl-3-carbazo-vinylene)-9,9-dihexyl-fluorene, 9,9,9'.,9',9",
O"-hexakis(hexyl)-2,7';2",7"-trifluorene, 9,9,9'.9' 9" Q"
hexakis(octyl)-2,7',2", 7"-trifluorene,  9,9,9',9',9",9". 9" gm
9"”3 9” "-deCElkiS(heXYI)-ij ;2157'"521! 57'” ;21"" 57""'
pentaﬂuorenej 93939'39139”39"39”'39”'39””39”"39””'39””'39"””5
9””” -dOdeCElkiS(heXYI)-ij ;215711321! !71"” ;2”'37”"3 2”" 37'" 'l'lj 21‘” 'l'lj
7" heptatluorene,  3,7-b1s-(9,9-di-n-hexylfluoren-2-yl)-
dibenzothiophene-S,S-dioxide, 3,7-Bi1s[7-(9,9-di1-n-
hexylfluoren-2-y1)]-9,9-di-n-hexyltluoren-2-yl]
dibenzothiophene-S,S-dioxide, 2, 7-Bi1s[7-(9,9-d1-n-
hexyltluoren-2-yl)dibenzothiophene-S,S-dioxide-3-yl]-9,9-
di-n-hexylfluorene, lithium tetra(2-methyl-8-
hydroxyquinolinato )boron, lithium tetra(8-hydroxy-
quinolinato)boron, bis(8-hydroxyquinolinato)zinc, bis(2-
methyl-8-hydroxy-quinolinato)zinc, tris(benzoylacetonato)
mono-(phenanathroline)europium, tris(dibenzoylmethane)
mono-(phenanthroline)europium (111), tris
(dibenzoylmethane)-mono(5-aminophenanthroline)
europium (111), Tris(dinaphtoylmethane)-mono
(phenanthroline)europium (III), tris(dibiphenoylmethane)-
mono(phenanthroline)europrum (111), tris
(dibenzoylmethane)-mono(4,7-diphenylphenanthroline)-
europium (111), tris[d1(4-(2-(2-ethoxyethoxy)ethoxy)
benzoylmethane)]mono(phenanthro-line)europium (I1I), tris
(2-phenylpyridine)iridium (III), tris(8-hydroxyquinolato)-
aluminum  (III), tris(8-hydroxyquinolato)gallium  (III),
platinum (III) [2(4,6-difluorophenyl)pyridinato-N,C2)-
(acetyl-acetonate), ridium (III) bis(2-(4,6-difluorephenyl)
pyridinato-N,C2), iridium (III) tris(2-(4-totyl)pyridinato-N,
C2), rdium (III) bis(2-(2'-benzo-thienyl)pyridinatoN,C3')
(acetyl-acetonate), tris(1-phenylisoquinolinejridium (I1I),
bis(1-phenylisoquinoline)-(acetylacetonate iridium (I111), tris
(2-(2,4-ditfluorophenyl)pyridine Jirndium (I1I), irndium(III)bis
(2-methyldibenzo-[1,h]quinoxaline)(acetylacetonate), bis(2-
(9,9-dibutylfluorenyl)-1-1soquinoline(acetylacetonate), bis
(2-(9,9-dihexyltluorenyl)-1-pyridine)(acetylacetonate)
iridium(III), Trns(3-methyl-1-phenyl-4-trimethyl-acetyl-5-
pyrazoline)terbium(Ill), dichlorotris(1,10-phenanthroline)
ruthentum(Il) and rubrene.

The charge transport layers (not shown) may be made of
any suitable material such as, for example, N,N'-b1s(3-meth-
ylphenyl)-N,N'-bis(phenyl)benzidine, N'N'-bis(4-meth-
ylphenyl)-N,N'-bis(phenyl)benzidine, N,N'-bis(2-naphtal-
enyl)-N—N'-bis(phenylbenzidine), 1,3,5-tr1s(3-
methyldiphenyl-amino)benzene, N,N'-bis(1-naphtalenyl)-
N—N'-bis(phenylbenzidine), 4.4' 4"-tr1s(N,N-phenyl-3-
methylphenylamino Jtriphenylamine, 4.4"' N,N'-
diphenylcarbazole, poly[(9.,9-dihexyltluorenyl-2,7-diyl)-co-
(N,N'bis{p-butylphenyl}-1,4-diamino-phenylene)], poly|[9,
9-dioctylfluorenyl-2,7-diyl)-co-(IN,N'bis(4-butylphenyl-1,
1'-bipheny-lene-4,4-diamine)], poly(N,N'-b1s(4-
butylphenyl)-N,N'-bis(phenyl)benzidine, 2-(4-biphenylyl)-
S-phenyl-1,3,4-oxadiazole, 2-(4-tert-Butylphenyl)-3-(4-
biphenylyl)-1,3,4-oxadiazole, 3,5-bis(4-tert-butylphenyl)-4-
phenyl-4H-1,2.4-trazole, 3-(biphenyl-4-y1)-5-(4-tert-
butylphenyl)-4-phenyl-4H-1,2,4-triazole,  bathocuproine,
bathophenanthroline, tris(8-hydroxyquinolato)-aluminum
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(111), poly(3,4-ethylenedioxythiophene)poly(styrene-
sulfonate), polyanyline, polyacetylene and polypyrrole.

Electroluminescent layer 153 may be made of, for
example, ZnS, ZnSe, SrS, and GaN doped with rare earth or
transition metal 10ons (ZnS:Mn, SrS:Cu, GaN:Er). The 1nsu-
lating layer (not shown) may be made of, for example, barium
titanate, S10,, Al,O,, poly(2,2,2-trifluoroethyl methacry-
late), poly(2,2,3,3,3-pentafluoropropyl methacrylate), poly
(1,1,1,3,3,3-hexatluoroisopropyl acrylate, poly(1,1,2,4.4,3,
5,6,7,7-decatluoro-3-oxa-1,6-heptadiene), poly(2,2,2-
tritfluoroethyl acrylate), poly(2,2,3,3,3-pentatluoropropyl
acrylate), poly(2,2,3,3.4,4,4-heptatluorobutyl acrylate), poly
(2,2,3,3.4,4,4-heptatluorobutyl methacrylate), poly(2,2,3,3-
tetrafluoropropyl methacrylate), poly(2,2,3,3-tetratluoropro-
pyl acrvlate), poly(2,2,3,4.4,4-hexatluorobutyl acrylate),
poly(2,2,3,4,4,4-hexatluorobutyl methacrylate), poly[4,5-di-
fluoro-2,2-bis(trifluoromethyl)-1,3-dioxole-co-tetratluoro-
cthylene]dioxole, poly(1,1,1,3,3,3-hexatluoroisopropyl
methacrylate-co-glycidyl methacrylate)glycidyl methacry-
late, poly(1,1,1,3,3,3-hexatluoroisopropyl methacrylate),
poly(1,1,1,3,3,3-hexatluoroisopropyl methacrylate-co-gly-
cidyl methacrylate)glycidyl methacrylate, poly(2,2,2-trifluo-
roethyl methacrylate-co-glycidyl methacrylate)glycidyl
methacrylate, poly(2,2,3,3,3-pentafluoropropyl methacry-
late-co-glycidyl methacrylate)glycidyl methacrylate, poly(2,
2.,3.3.4.4,4-heptatluorobutyl methacrylate-co-glycidyl meth-
acrylate glycidyl methacrylate, poly(2,2,3,3-
tetrafluoropropyl methacrylate-co-glycidyl methacrylate)
glycidyl methacrylate, poly(2,2,3,4.,4,4,-hexafluorobutyl
methacrylate-co-glycidyl methacrylate)glycidyl methacry-
late, poly(2,2,3,3-tetratluoropropyl methacrylate-co-gly-
cidyl methacrylate)glycidyl methacrylate, poly(2,2,2-trifluo-
roethyl methacrylate), poly(2,2,2-trifluoroethyl
methacrylate-co-glycidyl methacrylate)glycidyl methacry-
late, poly(2,2,3,3,3-pentafluoropropyl methacrylate), poly(2,
2.3,3,3-pentatluoropropyl methacrylate-co-glycidyl meth-
acrylate), poly(2,2,3,3.4,4,4-heptatluorobutyl methacrylate),
poly(2,2,3,3,4.4,4-heptatluorobutyl  methacrylate-co-gly-
cidyl methacrylate glycidyl methacrylate, poly(2,2,3,3-tet-
rafluoropropyl methacrylate), poly(2,2,3,3-tetrafluoropropyl
methacrylate-co-glycidyl methacrylate)glycidyl methacry-
late, poly(2,2,3,4.4,4-hexafluorobutyl methacrylate), poly(2,
2.3.4.4.4 -hexatluorobutyl methacrylate-co-glycidyl meth-
acrylate)glycidyl methacrylate, poly(pentafluorostyrene),
poly(pentafluorostyrene-co-glycidyl methacrylate)glycidyl
methacrylate, poly(tert-butyl  methacrylate-co-glycidyl
methacrylate)glycidyl methacrylate, poly(methyl methacry-
late), polycarbonate, cyclo olefin copolymers (COCs), or sol-
gel matenals.

Suitable substrates for the organic devices are glass, poly-
mer, especially polymeric fo1l, paper or metal. Flexible sub-
strates are well suited for roll-to-roll processes. The substrate
can be for example a flexible polymer foil like acrylomtrile
butadiene styrene ABS, polycarbonate PC, polyethylene PE,
polyetherimide PEI, polyetherketone PEK, poly(ethylene
naphthalate) PEN, poly(ethylene therephtalate) PET, polyim-
ide PI, poly(methyl methacrylate) PMMA, poly-oxy-methyl-
ene POM, mono oriented polypropylene MOPP, polystyrene
PS, polyvinyl chloride PVC and the like. Other materials like
paper (weight per area 20-500 g/m”, preferably 40-200 g¢/m”),
metal fo1l, (for example Al—, Au—, Cu—, Fe—, Ni—, Sn—,
steel-fo1l etc., especially surface modified, coated with a lac-
quer or polymer, are suitable too. The substrate can be coated
with a barrier layer or a barrier layer stack to increase the
barrier properties (J. Lange and Y. Wyser, “Recent Innova-
tions in Barrier Technologies for Plastic Packaging—a

Review”, Packag. Technol. and Sci. 16, 2003, p. 149-138).
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E.g. mnorganic materials like S10,, S1;N,, S1IO.N_, Al,O;,
AlO.N_andthe like are often used. They can be depositede.g.
in vacuum processes like evaporation, sputtering or chemaical
vapour deposition CVD, especially plasma enhanced CVD
(PECVD). Other suitable materials are mixtures of organic
and morganic materials deposited 1n a sol-gel process. Such
materials can even be deposited in a wet coating process like
¢.g. gravure printing. Barrier properties are obtained by mul-
tilayer coatings of organic and 1norganic materials as
described 1 WOO03/094256A2. In the following the term
substrate shells denote substrates with and without barrier
coatings.

It will be appreciated by persons skilled in the art that the
disclosed technique 1s not limited to what has been particu-
larly shown and described hereinabove.

What 1s claimed 1s:

1. An optical device generating light by luminescence com-
prising a substrate having a front side and a backside, a
waveguide, a pump light source and a photoluminescent
layer,

wherein said waveguide 1s evanescently coupled with said

photoluminescent layer;

wherein said pump light source 1s provided opposite to said

photoluminescent layer at said backside of said sub-
strate;

wherein said waveguide 1s positioned between said sub-

strate and said photoluminescent layer;

wherein said pump light source 1s adapted to pump said

photoluminescent layer to emit light such that at least
some of said emitted light 1s evanescently coupled into
said waveguide.

2. The optical device according to claim 1, wherein said
waveguide 1s a low-order waveguide with a thickness 1n the
range of 10 nm to 10 pum.

3. The optical device according to claim 1, wherein the
absorption and emission peak of light emitted by said photo-
luminescent layer are spectrally separated by at least 50 nm.

4. The optical device according to claim 1 comprising an
encapsulation layer sealing said photoluminescent layer.

5. The optical device according to claim 1, further com-
prising a spacer layer and a mirror, wherein said spacer layer
has a thickness t.; and 1s disposed between said photolumi-
nescent layer and said mirror, and wherein said mirror 1s
adapted to reflect and re-inject at least some of the light
pumped by said pump light source back into said photolumi-
nescent layer.

6. The optical device according to claim 5, wherein said
thickness t., 1s at least twice as large as the penetration depth
L., of a wavelront field into said photoluminescent layer.

7. The optical device according to claim 1 comprising an
optical filter structure adapted to modify at least some of the
light being coupled into said waveguide.

8. The optical device according to claim 7, wherein said
optical filter structured 1s positioned between said waveguide
and said photoluminescent layer.

9. The optical device according to claim 7, wherein said
optical filter 1s positioned between said substrate and said
waveguide.

10. An optical system comprising at least one substrate
having a front side and a backside, a plurality of waveguides,
a plurality of pump light sources and a plurality of photolu-
minescent layers,

wherein said plurality of waveguides are evanescently

coupled, respectively, with said plurality of photolumi-
nescent layers,
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wherein said plurality of pump light sources are provided
on said backside of said at least one substrate opposite to
said plurality of photoluminescent layers, respectively;

said plurality of waveguides are positioned between said
plurality of photoluminescent layers and said at least one
substrate; and

wherein said plurality of pump light sources are adapted to

pump said plurality of photoluminescent layers to emat
light such that at least some of said emitted light is
optically coupled into said plurality of waveguides,
respectively.

11. The optical device according to claim 7, wherein the
thickness t.; has a magnitude of at least 1 um.

12. The optical device according to claim 1, wherein said
waveguide comprises an out-coupling grating structure for
coupling light out from said waveguide.

13. The optical device according to claim 1, further com-
prising a light sensitive device located on said waveguide and
operative to detect light coupled out from said waveguide.

14. An optical device generating light by luminescence
comprising a substrate having a front side and a backside, a
waveguide, a pump light source and a photoluminescent
layer, wherein said waveguide 1s evanescently coupled with
said photoluminescent layer;

wherein said pump light source 1s provided opposite to said

photoluminescent layer at said backside of said sub-
strate;
wherein said photoluminescent layer 1s positioned
between said substrate and said waveguide; and

wherein said pump light source 1s adapted to pump said
photoluminescent layer to emit light such that at least
some of said emitted light 1s evanescently coupled 1nto
said waveguide.

15. The optical device according to claim 14, further com-
prising a spacer layer and a mirror, wherein said spacer layer
has a thickness t.; and 1s disposed between said photolumi-
nescent layer and said mirror, and wherein said mirror 1s
adapted to reflect and re-inject at least some of the light
pumped by said pump light source back into said photolumi-
nescent layer.

16. The optical device according to claim 14, wherein said
waveguide comprises an out-coupling grating structure for
coupling light out from said waveguide.

17. The optical device according to claim 16, further com-
prising a light sensitive device located on said waveguide and
operative to detect light coupled out from said waveguide.

18. The optical system of claim 14 further comprising a
plurality of sensing areas and a plurality of detectors,
whereby the plurality of sensing areas and detectors are sub-
stantially aligned with respect to the plurality of photolumi-
nescent layers.

19. An optical system comprising at least one substrate
having a front side and a backside, a plurality of waveguides,
a plurality of pump light sources, and a plurality of photolu-
minescent layers, wherein said plurality of waveguides are
evanescently coupled, respectively, with said plurality of pho-
toluminescent layers,

wherein said plurality of photoluminescent layers are posi-

tioned between said substrate and said plurality of
waveguides;

wherein said plurality of pump light sources are provided

on said backside of said at least one substrate opposite to
said plurality of photoluminescent layers, respectively,
and

wherein said plurality of pump light sources 1s adapted to

pump said plurality of photoluminescent layers to emit
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light such that at least some of the emitted light 1s opti-
cally coupled into said plurality of waveguides, respec-
tively.

20. The optical system of claim 19 further comprising a
plurality of sensing areas and a plurality of detectors, 3
whereby the plurality of sensing areas and detectors are sub-
stantially aligned with respect to the plurality of photolumi-
nescent layers.

20
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